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C*~) , Flavour changing neutral current processes, being strongly suppressed in 

the Standard Model (SM), provide a unique window to new physics at 
' scales much above the electroweak scale. Here, we summarize the recent 

progress in flavour physics studies of the Littlest Higgs model with T-parity, 
' both in the quark and lepton sector. Particular emphasis is put on various 

Oh, correlations that could distinguish this model from other extensions of the 

SM - 

1. Introduction 

Until now, essentially all available data have shown an impressive agree- 
rN \ ment with the Standard Model (SM) predictions. In particular, electroweak 

precision tests and constraints on flavour changing neutral current (FCNC) 
processes put very stringent constraints on physics beyond the SM, requir- 
ing it to appear first at scales O(10 TeV). On the other hand, new physics 
(NP) is expected already at scales O(lTeV) in order to offer a natural 
explanation to the smallness of the Higgs mass. 

In the case of flavour physics, the simplest solution to this so-called little 
hierarchy problem is provided by the concept of Minimal Flavour Violation 
(MFV) [1-3], in which no new sources of flavour and CP violation beyond 
the SM CKM matrix [4] are present. While this approach is clearly a very 
elegant way to account for small NP effects in flavour violating observables, 
there is still room left for departures from the MFV framework, in particular 
in observables that have not been measured so far, such as CP violation in 
the B s meson system and some rare K and B decays. Moreover, as we will 
see below, very large departures from the SM expectations are still possible 
in lepton flavour violating (LFV) decays. 



(1) 



2 



MONIKA BLANKE AND AnDRZEJ J. BURAS 



2. The Littlest Higgs Model with T-Parity 

While Super symmetry is so far the leading candidate for NP beyond 
the SM, offering a solution to the little hierarchy problem and allowing 
at the same time for large effects in FCNC observables, other alternatives 
have been developed over the past years. Among those, Little Higgs models 
[5, 6] are one of the most popular possibilities. Here, the Higgs boson is 
interpreted as pseudo-Goldstone boson of a spontaneously broken global 
symmetry, and is thus massless at tree level. As the global symmetry is 
also broken explicitly by gauge and Yukawa interactions, a Higgs potential 
is generated radiatively. 

In order to then prevent the Higgs squared mass from dangerous quadrat- 
ically divergent contributions at one loop level, the collective symmetry 
breaking mechanism is introduced. All couplings explicitly breaking the 
global symmetry are introduced in such a way that, as long as only one cou- 
pling is present, still enough of the global symmetry is preserved to protect 
the Higgs mass. Only when more than one coupling is non-zero, the sym- 
metry is broken and corrections to the Higgs mass arise. These corrections, 
however, turn out to be at most logarithmically divergent at one loop, and 
therefore safely small. 

As the mechanism of this spontaneous symmetry breaking is not speci- 
fied, but merely described by a non-linear sigma model, Little Higgs models 
are effective theories with an ultraviolet (UV) cutoff A ~ lOTeV. Therefore, 
at a certain level of accuracy one has to worry about effects coming from the 
UV completion of the model. We will return to this issue in Section 3.2.3, 
where we discuss the interpretation of left-over logarithmic divergences that 
appear in the calculation of rare decay branching ratios. 

The most economical, in matter content, Little Higgs model is the Lit- 
tlest Higgs model (LH) [7] , which has been studied extensively in the recent 
literature. In this model, which is based on an SU(5)/ SO(5) non-linear 
sigma model, new heavy gauge bosons (W H , Zh , Ah), a heavy vectorlike 
quark (T) and a heavy scalar triplet ($) are present. Due to tree level 
contributions of the new particles and to the breakdown of the custodial 
SU(2) symmetry, the NP scale / is required to be at least 2 — 3TeV in 
order to be consistent with electroweak precision constraints [8]. As a con- 
sequence of this, and because the LH model belongs to the class of models 
with constrained MFV (CMFV) [1,9], where the departures from the SM 
are required to be small [10], the NP effects in FCNC observables turn out 
to be at most 20% [11, 12]. These are in principle good news for this model, 
but its flavour phenomenology is not very exciting. 

The situation improves significantly once an additional discrete sym- 
metry, T-parity, is introduced [13]. Under this symmetry, all SM particles 
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and the heavy T = T + are T-even, whereas the new heavy gauge bosons 
(W H , Zh, Ah) and the scalar triplet (<£) are T-odd. Consequently the new 
particles can contribute to electroweak precision observables only at the 
loop level, thus making it possible to lower the scale / down to <; 500 GeV 
without violating existing constraints [14]. 

A consistent implementation of T-parity in the fermion sector makes also 
the introduction of three doublets of mirror quarks (q^) and three doublets 
of mirror leptons (£ l H ), and of a T-odd singlet quark (T_), necessary [15]. 
The mirror fermions have new flavour violating interactions with the SM 
quarks, mediated by the heavy gauge bosons, which are parameterized by 4 
new CKM-like mixing matrices: Vhu an d Vjjd i n the quark sector, and Vjju 
and Vh£ in the lepton sector [16]. The indices of the new mixing matrices 
denote which of the SM fermions is involved in the interaction. Therefore, 
Vndi the most important mixing matrix for the study of FCNCs in K and 
B meson systems, parameterizes interactions of SM down-type quarks with 
mirror quarks. Similarly, Vjjt parameterizes interactions of SM charged 
leptons with mirror leptons, being thus relevant for the study of charged 
LFV processes. 

In contrast to the CKM matrix, from which five phases can be rotated 
away due to phase redefinitions of the SM quark fields, the new mixing 
matrix Vffd can be parameterized by three mixing angles and three complex 
phases [17], as only the three mirror quark doublets can be used to absorb 
unphysical phases. Therefore, Vnd can be parameterized as follows [17]: 



V H d = | cf 3 s a 23 e~^ | . | 1 

sf 3 e iS ^ cf 3 
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S^e~ iS ri 



(2.1) 



In complete analogy, Vut can be parameterized by three mixing angles and 
three (non-Major ana) phases. The matrices Vh u an d Vuv ar e then deter- 
mined through 

Vhu = VndVcKM ' Vhv = 1 / /«"1 / pmns ' (2-2) 

where the hermitian conjugate on the r. h. s. of the first, but not the second, 
equation is due to the fact that the PMNS matrix is defined through neutrino 
mixing, while the CKM matrix describes mixing in the down-type quark 
sector. 
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For the study of FCNC processes in the quark sector it is useful to define 
within the SM the factors (i = u, c, t) 

4 K) = V*V id , \^ = V* b V ld , \^ = V* b V ls , (2.3) 

that govern K, B d and B s meson systems, respectively. In the T-odd sector 
of the LHT model the same role is played by (i = 1,2,3 corresponding to 
the three mirror quark generations with masses mjji) [18, 19] 

Si - V Hd V Hd > Si - V Hd V Hd > Si - V Hd V Hd • K 2A ) 

Similarly, for the lepton sector, one has [20] 

Xi — V H£ V m ' Xi — V H£ v Hl ' Xi — V Hi V H£ > \ z - c >) 

entering /i — > e, r — > e and r — > fi transitions, respectively. 

If the new particles are discovered and their masses determined at the 
LHC, the only free parameters of the model will be the parameters of the 
new mixing matrices Vud and Vne, which can in principle be determined 
from quark and lepton flavour violating processes. 

3. Flavour Changing Neutral Currents in the Quark Sector 

3.1. Hints for New Physics beyond the SM and MFV 

The value of the mass difference AM S , having recently been measured 
[21,22] to be 

AM S = (17.77 ± 0.10 ± 0.07) ps" 1 , (3.1) 

turned out to be surprisingly below the SM expectation, albeit still within 
the theoretical uncertainties. On the other hand, in [23] it has been shown 
that in CMFV models AM, > (AM s )sm is predicted. In order to suppress 
AM S below its SM value, new sources of flavour violation, new relevant 
operators or contributions from Majorana fermions or new heavy U(l) gauge 
bosons in box diagrams are required. 

Another hint for new sources of flavour violation is found when com- 
paring the reference unitarity triangle (RUT) [24], constructed from the 
tree level values of 7 and [Kifo/^cfel with the universal unitarity triangle 
(UUT) [1], defined through AM d /AM s and S i>Ks (see Fig. 1 and [9]). While 
the former is to an excellent accuracy independent of any NP contribution, 
the latter is universal only within the CMFV framework. It turns out that 
there is a 2.3a discrepancy between the "true" value of /?, determined from 
the RUT, and its CMFV value, determined from S^k s - Provided the large 
value of (i?&)true of \Vub\, coming from inclusive semileptonic decays, will be 
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Fig. 1. RUT and UUT, constructed from the central values for 7, IK^/V^I, 
AM d /AM s and S^ Ks [9]. 

confirmed by more accurate experimental analyses, such a discrepancy could 
only be resolved by the presence of a new CP-violating phase ipB d ~ —5° 
and would be a clear signal of physics beyond the MFV scenario. Similar 
conclusions have been reached for instance in [25]. 

3.2. K and B Physics in the LET Model 

The first study of particle-antiparticle mixing in the LHT model has 
been presented in [16], where the mass differences AMk, AM^, AM s and 
AMp and the CP-violating parameter ek have been considered. In [18] this 
analysis has been extended to the theoretically cleaner observables S^k s , 
Si/jt/,, and ATrf s , which allowed a deeper insight into the flavour struc- 
ture of the LHT model. In the latter paper also the decay B — > X s ^ has 
been considered. 

The study of quark FCNC processes in the LHT model has then been 
completed by the analysis of [19], where most prominent rare and CP- 
violating K and B decays have been analyzed in detail. More precisely the 
decays K -» irvv, K L -» tt°£+£-, B -» X s l + l~, B dtS -» B -> X djS uu 

and B — > irK have been considered and correlations between various ob- 
servables have been studied. 

Very recently, the rare top quark decays t — > cV (V = 7, Z, g) have been 
analyzed in [26]. 

3.2.1. Benchmark Scenarios 

In order to gain a global view about possible signatures of mirror fermions 
in the processes considered, several benchmark scenarios for the structure 
of the VhcL matrix and the mirror fermion spectrum have been introduced 
in [18, 19]. The following two turned out to be most interesting, as they 
allow for large effects in the B s and K systems, respectively, while being 
consistent with all available constraints: 
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B s scenario: Here, in order to suppress the new contributions to AMjf 
and ek, the first two mirror quark generations are chosen to be quasi- 
degenerate. Furthermore, an inverted hierarchy for the Vjjd matrix, 

4«4< S f 2 , (3.2) 

with respect to the usual CKM one, 

S13 < S 2 3 < S12 , (3.3) 

is chosen. Like this, large effects in CP-violating observables in the B s 
system are possible. 

K scenario: Again, the first two generations of mirror quarks are quasi- 
degenerate. Moreover, the Vud parameters satisfy 

c i2 = s \2 = ; s 23 = / 13 • (3-4) 

^ V 1 + 4s 2 

This structure leads to possible large enhancements of rare K decay branch- 
ing ratios. 

In addition, in order not to miss any interesting effect, a general scan 
over the whole parameter space of the LHT model has been performed. 



3.2.2. Particle-Antiparticle Mixing, CP Violation and B — ► X s -y 

Here we summarize the main findings of the phenomenological analysis 
of particle-antiparticle mixing, CP violation and the decay B — > X s j in the 
LHT model presented in [18]. 

The LHT model can be made consistent with all available data on FCNC 
processes, provided the weak mixing matrix Vud exhibits a hierarchical 
structure and the mass spectrum of mirror fermions is quasi-degenerate. 
However, the structure of the mixing matrix Vud can differ significantly 
from the known structure of the CKM matrix so that interesting depar- 
tures from MFV correlations between various processes are possible. We 
will return to this issue in Section 3.2.3. 

The T-even sector of the LHT model, that represents the only LHT 
contribution to FCNC processes in the CMFV limit of exactly degenerate 
mirror fermions, is not favoured by the data as independently of the param- 
eters of this sector AM S > (AM s )sm and the possible discrepancy between 
the value of the CP asymmetry S^k s and large values of \Vyh\ cannot be 
removed. 

Using the full structure of new flavour and CP-violating interactions 
encoded in Vnd ^ Vckm ; regions in the parameter space of the LHT model 
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a) b) 




Fig. 2. a) Correlation between ^sl/(^sl)sm and in the U B S scenario" [18]. 
b) Correlation between AM S and Br(B — ► X s j), normalized to their SM values, 
in the U B S scenario" [18]. 



have been identified in which possible problems of the SM can be cured, large 
CP-violating effects in the B s system are predicted and the mass difference 
AM S is found to be smaller than (AM s )sm as possibly hinted by the recent 
result of the CDF collaboration [21]. 

In particular, as shown in Fig. 2. a), in the U B S scenario" significant 
enhancements of the CP asymmetries and Ag L relative to the SM are 
possible, while satisfying all existing constraints. We emphasize that the 
correlation in Fig. 2. a) is much stronger than in the model independent 
analysis of [27]. 

On the other hand, the effects from mirror fermions in the B — > X s ~f 
decay, shown in Fig. 2.b), turn out to be smaller than in the AB = 2 
transitions, which should be welcomed as the SM is here in a rather good 
shape, even if the most recent NNLO values are slightly below the data 
[28]. Typically the LHT effects are below 4%, and also the effects on the 
corresponding CP asymmetry are small. 

3.2.3. Rare and CP-violating K and B Decays 

Let us now turn to rare and CP-violating K and B decays in the LHT 
model, which have been discussed extensively in [19]. 

Before stating the results of that analysis, it is illuminating to first have 
a look at the general structure of weak decay amplitudes in the LHT model. 
In the SM, the general structure of a decay amplitude is given by 

_4 S M = Y, B f M V? CD ^ < f ) FsM(m l ,M w ) , (3.5) 

i 

where Bf M and r/^ CD are non-perturbative factors and QCD corrections, 
respectively. (q = K, d, s) denote the relevant CKM factors in (2.3) and 
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-Fsm the SM loop functions. This structure is modified in the LHT model 
as follows: 

A LH t = Bf M ^ CD [\\ q) F cvcn ( mi , M w , f, x L ) + ^ F odd (m Hi , f) 

(3.6) 

where the parameter xl describes the mixing in the T-even top sector. The 
first term corresponds to the T-even contributions and the second term de- 
scribes the mirror fermion contributions. Obviously the latter contributions 
constitute a new source of flavour and CP violation that can lead to large 
NP effects. It is important to note that in the LHT model no new operators 
appear beyond those that are present already in the SM; therefore the non- 
perturbative uncertainties remain the same as in the SM and NP effects are 
described entirely by short distance physics. As generally top quark effects 
are dominant in the SM, it is useful to encode all NP effects into the loop 
functions -^lht multiplying Xj. , which can then be written as 

Fl UT (mt,m H i, M w , f, xl) = F cvcn (m t , Mw, f, xl) + ^ -W F odd (m m , f) ■ 

i \ 

(3 - 7) 

Bearing in mind the hierarchy of \[ q ^ in the SM, i.e. \\ K ^ ~ 4 • 10 -4 , 

~ I • 10~ 2 and xf ~ 4 • 10~ 2 , one can roughly estimate the relative 
size of the NP contributions to rare K, F>d and B s decays: Largest effects 
are to be expected in rare K decays, while the NP contributions are smaller 
by more than an order of magnitude in the and even by two orders of 
magnitude in the B s system. We will return to the consequences of this 
obvious breakdown of universality later on. 

From the technical side, a left-over logarithmic divergence appears in 
the calculation of rare decay branching ratios in the LHT model. Such a 
divergence has already been found and discussed in [12] in the context of rare 
decays in the LH model without T-parity. In [19] it has been discovered that 
imposing T-parity removes such divergences from the T-even sector, while 
they now arise in the T-odd sector of the model. An explicit calculation in 
the 't Hooft-Feynman gauge shows that this divergence, <5di v , arises from a 
single diagram and follows entirely from the interactions of the Goldstone 
bosons of the dynamically broken global SU(5) symmetry with the light 
fermions (being mediated by W^). Furthermore <5div is flavour universal 
and can therefore be traded for one observable, which can be determined 
from experiment once more data on FCNC processes are available. On the 
other hand, if the UV completion of the model were known, <5div would be 
replaced by some cutoff independent expression through matching of the 
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class A 


class B 


quark sector 


K -» nvv,K L -» vrW", 
B -> X^z/ 


AM K ,£K,&M d>s ,AM D , 


lepton sector 


H — e conversion 


#L,S -> Me, -> 7r°/ie, 
B d , s ^£ i i k ,{g-2) ll 



Table 1. Classification of observables and decays depending on their sensitivity to 
the UV completion. Decays of class A bear some sensitivity to the physics above 
the cutoff, reflected through the left-over logarithmic divergence, while decays of 
class B are free from this divergence [19,20]. 



full theory to the effective theory. Meanwhile, <5div can be estimated as 

where A = 47r/ ~ 10 TeV is the UV cutoff of the LHT model. In Table 1 we 
list which of the observables considered in [18-20] suffer from the presence 
of this UV divergence (class A) and which do not (class B). Certainly the 
predictions for class B are more reliable, but we believe that also the above 
estimate of the divergent contribution should give at least qualitatively cor- 
rect predictions for class A observables. 

Now we are prepared to review the main results of the phenomenological 
analysis performed in [19]. 

The most evident departures from the SM predictions are found for CP- 
violating observables that are strongly suppressed within that model. These 
are the branching ratio for Kl — > t\®vv and, as already discussed in Section 
3.2.2, the CP asymmetry S^. As seen in Fig. 3, there exist two possible 
branches for Bt{Kl — ► tt^vu) and Br(K + — > Ti + vv). The first one implies 
a simultaneous enhancement of these two decays by at most a factor 10 
and 5, respectively, while on the second one, Kl — > Tt^vD stays SM-like and 
K + — ► it + vv can be enhanced by an order of magnitude. 

Next, in Fig. 4 we show the correlation between Bt{Kl — ► ifivv) and 
S^. While in the ll K" and "B s " scenarios considered, only one of these two 
quantities can differ significantly from its SM expectation, in the general 
scan some fine-tuned regions of the parameter space appear, where both 
observables can be enhanced by a factor 10. 

Large departures from the SM expectations are also possible for the 
decays Kl — ► tv°£ + £~, which can be enhanced by roughly a factor 2 and 
are found to be strongly correlated, as shown in Fig. 5. a). Indeed, in the 
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Br (K L ^7T U VV) 







i 






h 

[ 




i 






1-10" 10 


2-10 10 3 



r 1 " 



Br (K + -*JT + VV) 



Fig. 3. Bt(Kl — > 7r°i/i/) as a function of Br(K + — ► 7r + ^i/) in the scenar- 
ios considered [19]. The shaded area displays the experimental ler-range for 
Br(K + — > 7r + ^P), while the dotted line represents the Grossman-Nir bound [29]. 
The SM values are indicated by the black point. 



a) 



Br(K L ->7T u W) 
5-10" : 
4 >1Q~ 
3-10" : 



b) 



Br(K L -»7T u VP) 
5-10" 1D 



Br (K].^rvff) 



4-10 



3 ■ 10 
2 ■ 1(T ] 

i ■ i6* ] 




Fig. 4. Correlation between Br(Ki — ► tt°vv) and 5^,^ in the "B s scenario" (a), in 
the U K scenario" (b) and in the general scan (c) [19]. 



LHT model this correlation turns out to be much stronger than in the 
MSSM [30]. Furthermore, as seen in Fig. 5.b), a strong correlation between 
Br{KL — ► tt°£ + £~) and Br{Ki, — ► ^vv) exists, which we expect to be valid 
also in other NP scenarios, at least if no new operators are relevant. 

The branching ratios for B s ^ — ► and B — > X s ^vv, instead, are 

modified by at most 50% and 35%, respectively, and the effects of new 
electroweak penguins in B — > irK are small, in agreement with the recent 
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a) b) 



Br (K L ->7rV + fr ) Br (K L -?7T°e + e _ Iji V" ) 




Fig. 5. a) Correlation between Br(Ki — > 7r°e + e~) and Bt(Kl — ► 7r °M + y u_ ) [19]- 
b) Bt(Kl — > ir°e + e~) (upper curve) and Br{K^ — > 7r°/i + /i _ ) (lower curve) as 
functions of Bt(Kl — > ifivv) [19]. The SM values are indicated by the black 
points. 

a) b) 



r sin 2 g| 

S "' K B 




Fig. 6. The ratio r of (3.9) (a) and sin 20x1 S^k s (b) as functions of the new phase 
(5f 3 [19]. The CMFV values are indicated by the black point. 



data. Also the effects in B — > X s ^l + £~ turn out to be small and therefore 
in good agreement with the data. 

On the other hand, sizable departures from MFV relations between 
AM sdi and Br{B sd — > fi + fj,~) and between S^,k s an d the K — > ttvv de- 
cay rates are possible. Due to the breakdown of universality, the CMFV 
relation between B d s — > fj, + fi~ and AM d s [31] gets modified as follows: 

Br{B s -> = B Bd r(B s ) AM S 

Br(B d n+fi~) B Bs r(B d ) AM d 

where Cs q = AM q /(AM q )sM and Y q are the generalizations of the known 
SM Y function to the LHT model. Already in this CP-conserving case, the 
deviation of r from its CMFV value r = 1 can amount to 50%, as shown 
in Fig. 6. a). Even larger deviations are found, see Fig. 6.b), for the ratio of 
sin 10xi entering the K — > -kvu decays, over sm.{2f3+2tpB d ) = S^,k S i which is 



C B d 



(3.9) 
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equal to unity in MFV models [32] . As S^k s ls m rough agreement with its 
SM prediction, a large new phase, necessary to explain the sizable deviations 
from MFV found in the LHT model, can only appear in the K — > ixvv 
system. Similar departures from MFV have very recently been found and 
discussed in a Z' model in [33], where references to earlier literature can be 
found. 

To summarize, the largest possible effects of mirror quarks are found 
in rare K decays and in CP-violating observables in the B s system. In 
particular, even if all observables related to B^^ physics turn out to be SM- 
like, large departures from the SM in K physics, in particular the K — ► irvv 
and Kl — > -K Q ^ + i~ decays, would still be possible. Therefore measurements 
of these decays are strongly desired. 

4. Charged Lepton Flavour Violation 

4-1. Experimental Status and Prospects 

Presently, the most stringent upper bounds on charged LFV processes 
are available for fi — > e transitions, namely 

Br{fi ey) < 1.2 • KT 11 [34] , Br(p -> eee) < 1.0 • KT 12 [35] , 

(4.1) 

RQiTi -» eTi) < 4.3 • 1(T 12 [36] , (4.2) 

where R(fiTi — > eTi) denotes the fi—e conversion rate in Ti. Already within 
the next two years, the MEG experiment at PSI [37] should be able to test 
Br(fi — ► &y) at the level of 0(1O -13 — 10 -14 ). Very important will also be an 
improved upper bound on \jl — e conversion in Ti, for which the dedicated 
J-PARC experiment PRISM/PRIME [38] should reach the sensitivity of 
0(1(T 18 ). 

On the other hand, improved experimental upper bounds on semi-leptonic 
and radiative r decays have recently been presented [39-41] and further 
improvements are expected by the Super Flavour Factory [42] and Su- 
perKEKB. 

Finally let us mention that a stringent upper bound exists also for the 
decay Kl — > fie, that is flavour violating both in the quark and lepton 
sector. It reads [43] 

Br(K L -c fie) < 4.7 • KT 12 . (4.3) 

4.2. LFV in the LHT Model 

LFV processes in the LHT model have for the first time been discussed in 
[44], where the decays l\ — > ij-y and r — ► fin have been considered. Further, 
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a ) b) 

R(fiTi^eTi) 

Br {^ ->e e + e" ) 




Fig. 7. a) Correlation between Br(fi — ► ey) and Br(fi — > eee) in the LHT model 
(upper curve). The lower line represents the dipolc contribution to fi — > eee sep- 
arately, which is the dominant contribution in the MSSM [20]. b) i?(/iTi — > eTi) 
as a function of Br(p, — > e7), after imposing the existing constraints on /i — ► e7 
and /i — > eee [20]. The present experimental upper bounds are indicated by the 
shadowed areas. 



the new contributions to (g — 2)„ in the LHT model have been calculated 
by these authors. In [20] the analysis of LFV in the LHT model has been 
considerably extended, and includes the decays £{ — > £jj, /i — ► eee, the six 
three body leptonic decays r~ — > £^ij£^, the semi-leptonic decays r — > 

£Tr,£r},£r]' and the decays Kl,s M^j ^L,s — > vr°/ue and S,i iS — > that 
are flavour violating both in the quark and lepton sector. Moreover, fi — e 
conversion in nuclei and the flavour conserving (g — 2)^ have been studied. 
Furthermore, a detailed phenomenological analysis has been performed in 
that paper, paying particular attention to various ratios of LFV branching 
ratios that will be useful for a clear distinction of the LHT model from the 
MSSM. 

In contrast to K and B physics in the LHT model, where the SM contri- 
butions constitute a sizable and often the dominant part, the T-even contri- 
butions to LFV observables are completely negligible due to the smallness 
of neutrino masses and the LFV decays considered are entirely governed by 
mirror fermion contributions. 

In order to see how large these contributions can possibly be, it is use- 
ful to consider first those decays for which the strongest constraints exist. 
Therefore Fig. 7. a) shows Br(fi — ► eee) as a function of Br(fi — > ej), ob- 
tained from a general scan over the mirror lepton parameter space, with 
/ = 1 TeV. It is found that in order to fulfil the present bounds, either the 
mirror lepton spectrum has to be quasi-degenerate or the Vne matrix must 
be very hierarchical. Moreover, as shown in Fig. 7.b), even after imposing 
the constraints on [i — > cy and ji — > eee, the fi — e conversion rate in Ti is 
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Table 2. Upper bounds on LFV t decay branching ratios in the LHT model, for 
two different values of the scale /, after imposing the constraints on fi — > e"/ and 
fi — > eee [20]. For / = 500 GeV, also the bounds onu fin, en have been included. 
The current experimental upper bounds are also given. The bounds in [41] have 
been obtained by combining Belle [39] and BaBar [40] results. 

very likely to be found close to its current bound, and for some regions of 
the mirror lepton parameter space even violates this bound. 

The existing constraints on LFV r decays are still relatively weak, so 
that they presently do not provide a useful constraint on the LHT parameter 
space. However, as seen in Table 2, most branching ratios in the LHT 
model can reach the present experimental upper bounds, in particular for 
low values of /, and are very interesting in view of new experiments taking 
place in this and the coming decade. 

The situation is different in the case of Kl — ► fj,e, Kl — > n°fj,e and 
Bd,s ^i^k, due to the double GIM suppression in the quark and lepton 
sectors. E. g. Bv{Kl — ► \xe) can reach values of at most 3 • 10~ 13 which 
is still one order of magnitude below the current bound, and Kl — > n°/ie 
is even by two orders of magnitude smaller. Still, measuring the rates for 
Ki — ► fie and Kl — > 7r°/j,e would be desirable, as, due to their sensitivity 
to Re^j^) and lm(^ K ^) respectively, these decays can shed light on the 
complex phases present in the mirror quark sector. 

While the possible huge enhancements of LFV branching ratios in the 
LHT model are clearly interesting, such effects are common to many other 
NP models, such as the MSSM, and therefore cannot be used to distin- 
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Tabic 3. Comparison of various ratios of branching ratios in the LHT model and 
in the MSSM without and with significant Higgs contributions [20]. 



guish these models. However, correlations between various branching ratios 
should allow a clear distinction of the LHT model from the MSSM. While in 
the MSSM [47,48] the very often dominant role in decays with three leptons 
in the final state and in fi — e conversion in nuclei is played by the dipole 
operator, in [20] it is found that this operator is basically irrelevant in the 
LHT model, where Z°-penguin and box diagram contributions are much 
more important. As can be seen in Table 3 and also in Fig. 7. a) this implies 
a striking difference of various ratios of branching ratios in the MSSM and 
in the LHT model and should be very useful in distinguishing these two 
models. Even if for some decays this distinction is less clear when signifi- 
cant Higgs contributions are present [48], it should be easier than through 
high-energy processes at LHC. 

Another possibility to distinguish different NP models through LFV 
processes is given by the measurement of [i — > ej with polarized muons. 
Measuring the angular distribution of the outgoing electrons, one can de- 
termine the size of left- and right-handed contributions separately [49]. In 
addition, detecting also the electron spin would yield information on the rel- 
ative phase between these two contributions [50]. We recall that the LHT 
model is peculiar in this respect as it does not involve any right-handed 
contribution. 

On the other hand, the contribution of mirror leptons to (g — 2)„, being 
a flavour conserving observable, is negligible [20,44]. This should also be 
contrasted with the MSSM with large tan (3 and not too heavy scalars, where 
those corrections could be significant, thus allowing to solve the possible 
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discrepancy between SM prediction and experimental data [51]. 



5. Conclusions 

The LHT model provides a picture of FCNC processes at scales above 
the electroweak scale that differs dramatically from the SM one. While 
the departures from the SM expectations in the quark sector can be very 
large, truly spectacular effects of NP can be seen in LFV processes. Our 
short guide to the recent progress on FCNC processes in the LHT model 
will hopefully motivate the readers to have a closer look at this fascinating 
subject. 

We emphasize that various correlations among rare decays, both in the 
quark and lepton sector, will help to distinguish the LHT picture of short 
distance physics from other pictures, in particular from the super symmetric 
one. 
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